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HP-9845 Program for Computing and Plotting Full Schi umberger 

S o u n d i n g C u r '•,' e s an d M as t e r S e t s 0 V e r T h r e e V e r t i c a 1 L ay e r s: 

fl r r ay E x p an d e d at R i g h t ft n g 1 e s t o S t r ike.

By fldel fl.R. Zohdy 

INTRODUCTION

T h e t h r e e M e r t i c a 1 -1 ay e r- s < o r M e r t i c a 1 - d i k e > p r o b 1 e m w as 

solved several decades ago by the tedious method of images <Hedstrorri, 

19 3 2; V an N o s t r an d an d C o o k , 1 9 6 6 >. L o g n C19 5 4) d e r i v e d f o r m u 1 as < i n t h e 

for m o f i n t e g r a1 e q u at i o n s > f o r t h e p o t e n t i a1 an d ap p ar e n t r e s i s t i v i t y 

of a p o 1 e - d i p o 1 e o r- h a 1 f - S c h 1 u m b e r g e r ar r ay. His ap p r o ac h f o r s o 1 v i n g 

t h e b o u n d ar y v a1u e p r o b1e m f o r v e r t i c a1 T ay e r s is si m i1ar t o t h at 

u s e d b y S t e f an e s c o and o t h e r s (19 3 9 > f o r s o1v ing t h e h o r i 2 o n t a1 1 ay e r 

p r o b 1 e m. U n f o r t u n at e 1 y, L o g n w as u n ab 1 <=• t o e v a 1 u at e t h e i n t e g r a 1 

e x p r e s s i o n h e d e r i v e d w i t f"! o 1.41 r e s o r t i n g t o an i n f i n i t e s i m a 1 1 y t h i n - d i k e 

ap p r o x i m at i on. K u n e 12 < 19 5 5 > a 1 s o u s e d t h e i n f i n i t e s i nt a 1 1 y t h i n - d i k e 

model f o r e v a 1 u at i n g h i s i n t e g r a 1 e q u at. i o n. T h u s u n t i 1 n o w, 

t h e i n f i n 11 e - s e r i e s e x p r e s s i o n s •' i m ag e rn e t h o d > h a v e b e e n u s e d 

for so 1v i ng t he t h i c k-d i k e prob1 em, and t he i nt egral equat i on 

e M a 1 u at i o n h as b •=• e n u s e d f o r s o 1 v i n g t h e i r. f i n i t e s i m a 1 1 y t h i n - 

dike problem.

T h e c o m p u t e r p r o g r- am p r e s e n ted i n t h is re p o r t < s e e "ap p e n d i x 11 > 

i s b as & d o n a n o v e 1 m e t h o d t h at u s e s t h e G au s s - L ag u e r r e n u rn e r i c a 1 

i n t e g r at i o n f o r- rn u la. T h e i n t e g r a 1 s ar- e e as i 1 y e v a 1 u at e d f o r a d i k e w i t h 

an y d e s i r e d w i d t h. T h e n e c c e s s ar y e q u at i o n s f o r c o rn p u t i n g t h e 

S c h 1 u rn b e r g e r ap p ar e n t r e s i s t i v i t y , u s i n g a s y m m e t r i c < fl M H E > 

and idealized ''MM -> 8> array, are given without derivation in appendix I 

The equations are in a form suitable for the direct- use of the 

G au s s - L ag u e r r e n u m e r i c a 1 i n t e g rat i o n f o r m u 1 a.



BRIEF PROGRRM DESCRIPTION

This p r o g r am i s n ame d: "V C SC H i"CV e r t i c a 1 Co n t ac t S C H1u mb e r ge r, 

version 1>, and it is written in HP Enhanced BflSIC.

T h e p r o g r am c an be used to c o mp u t e an d plot e i t h e r a s i n g1e s o und i n g 

cur'.,' e o r t o g e n e r at e sets o f m as t e r c u r v e s. Pro m p t'i n g s t at e m e n t s 

d i ag r am s, i11us t rations, an d ap p r o p r i at e e r r o r m e s s ag e s ar e 

displayed on the screen to assist the user at all steps.

The graphical p r e- s e n t at i o n o f an y s i n g 1 e s o u n ding c u r v e o r 

set of master curves is made on a log-log plot of 4x3 cycles. 

The 1en g t h o f e ac h log cycle i s ap p r o x i m at e1y 4 c m.

The axes of each plot are appropriately labeled, and a label designating 

the distances <dl and d2> and resistivities <rho-l, rho-2, and 

rho-3> are given at the top of each plot, and a sketch of the dike and 

1 o c a t i o n o f t h e s o u n ding c e n t e r i s d r a '..j n i n t h e u p p e r r i g h t h a n d c o r- n e r 

of the plot. The computation of any sounding curve is made at the rate 28 

p o i n t s p e r 1o g c y c1e. fl1s o the c o m p u t at i o ns a1w ay s i n c1u d e t h e 

points at w h i c h t h e e1e c t r o d e spac i n g is e q u a1 t o t he d i s t an c e t o 

a contact.

To co m p u t e a s i n g1e s o u n d i n g c u r v e t h e u s e r m u s t t y p e t h e 

n u ni e r i c a 1 v a 1 u e s (s e p a r a t e d b y c o m m a s j f o r: ( i > t h e m e d i u m o n w h i c h 

t he sound i ng cent er i s 1 oc at ed < 1, 2 , or 3 ') , < i i ) t he res i st i vi t y 

v a 11.4 e s f o r r h o -1, r h o - 2, an d r h o - 3, < i i i > t h e d i s t an c e s t o t h e 

c o n t ac t s d i an d d 2, an d < i v) t h e s m a 1 1 e s t an d 1 ar g e s t e 1 e c t r o d e 

s p ac i n g (. R B ••••' 2 > v a 1 LI e s. T h e u s e r m u s t t y p e e ac h o f t h e s e da t a v a 1 u e s 

af t e r t h e p r o p e r p r o rn p t i n g s t at e m e n t ap p e ar s o n t h e s c r e e n an d 

h e m u s t p r e s s C 0 NT < c o n t i n u e"' af t e r' e ac h s e t o f v a lues is t y p e d.



To co r« p u t € as e t o f rn a s t e r c u r v e =, t h e u s e r rn u s t t y p e o n 1 y 

t h e n u in t r i c a 1 v a 1 u e s f o r: <.\ > t h e rn € d i u rn o n w h i c h t h e s o u n d i n g 

center is located, and <ii> the resistivities (rho-1, rho-2, and rho~3> 

T h e r e s i s t i M i t y v a 1 u e f o r t h e rn e d i u rn w h e r e t h e c e n t e r is 1 o c at e d 

is taken as unity. The values for dl and d2 <dl=l, d2 = 1,1.5, 2, 

4, 8, 28, 46, and infinity) are assigned by the program and are not 

e n t e r e d by t h e us e r. Si rni1ar1y t h e va1u e s f o r t h e s m a11e s t an d 

1 ar g e s t elect r o d e s p ac i n g s (ft B .••' 2 > ar e as s i g n e d t h e v a 1 u e s o t" 0. 1 an d 

1600, and are not entered by the user. Note that for dl=l and 

d2= 1, 1.5, 2, 4, 8, 20, 40, and infinity, and with the center on 

medium 1, the corresponding dike widths are : 0, 0.5, 1, 3, 7, 19, 

39, and i n f i n i t y, . r e s p e c t i v e 1 y J w h e r e a s w i t h t h e c e n t e r o n rn e d i u rn 2 

the corresponding dike widths are: 2, 2.5, 3, 5, 9, 21, 41, and 

i nfi n i t y, respec t i ve1y.



INSTRUCTIONS FOR USERS

(!) T u r n t h e m a c h i n e o n and i n s e r t t h e t ap e c ar t r i d g e i n the T -15

tape- drive.

<2> Type GET "VCSCH1", then press EXECUTE. 

< 3 > Wh e n t h e p r o g r am is To ad e d in t h e mac hi n e m e mo r y

< g r e e n s q u ar e Tig h t at the b o 11 o rn r i g h t - h an d c o r n e r o f

t h e s c r e e n g o e •=, o u t >, p r e s s R U N.

The f o11o u in g m ess ag e wi11 ap p e ar o n t h e s c r e e n:

THIS PROGRflM COMPUTES FIND PLOTS FULL SCHLUMEERGER SOUNDING

CURVES EXPflNHED RT RIGHT flNGLES TO R VERTICRL DIKE, and at

the b o 11 o in o f t h e s c r e e n will ap p e ar t h e first p r o rn p t i n g s t at e m e n t:

DO YOU WISH TO HRVE R CURVE SET ? <Y/N> FOR ONE CURVE

ONLY TYPE N FOR NO.

Type Y ( f o r Y E S, rn e an i n g y o u <>:• i s h t o c o m p u t e a m as t e r s e t >

or type N (for NO, meaning you wish to compute only a particular

s i n g 1 e •=, o u n d i n g c u r v e > . The n p r e =• s C 0 N T. 

( 4 > S u b s e q u e n t p r o rn p t i n g s t at e m e n t s as s i s t. e d by i 1 1 u s t r at i o n s o n t h e

scree n ar e •=.- elf e x p 1 an at o r y, an d a 1 s o ar e s h o w n in t h e e x am pies

sect i on. 

< 5 > T o o b t a i n a p r i n ted c o p y o f t h e n u m erica! v a 1L4 e s f o r t h e

c o m p u t e d s o u n d ing c u r v e u a i t u n til t h e p r o rn p t i n g s t at e m e n t

INPUT MIN RE---2, MRX RE.-'2 appears on the screen. Then:

<i> type PRINTER IS O and press EXECUTE,

(ii> type the numerical values for the smallest .and largest.

fl E.--' 2 v a 1 u e s (s e p ar at e d b y c o m m as > an d p r e s s C 0 N T.

To exit from the printer mode, type PRINTER IS 16 and press EXECUTE



< 6 ) To o b t a in a h ard c o p y o f a s i n g1e c u r v e, t yp e D U M ? G R R P HIC S 

and press EXECUTE.

T h e g r ap hie d i s p 1 ay i s n o t c 1 e ar e d af t e r p 1 o 11 i n g o r d u m p i n g a 

s i n g 1 e so u n d i n g c 1.4 r v e. T h i s a 1 1 o w s t he user t o plot o t- h e r c u r'-,' e s 

w i t h d i f f e r e n t rn o d e 1 p ar- a rn e t * r s o n t o p o f o f t h e p r e v i o u s p 1 o t s. 

To do this press COHT and enter the new parameters for the- 

new model. To clear the present plot, type GCLERR and press 

E X E C U T E. P r e s s C 0 H T to s t. ar t a n e w p r o b 1 e m.

<?> Upon the completion and plotting of a complete set of master 

curves, four beeps will be heard and a full-screen cross will 

appear on the screen. The location of the cross on the plot can be 

m o v e d u s i n g t h e up, do w n, r i g h t, an d 1 e f t ar" r o w s on t h e 

DIS P L R Y b u 11 o n s. T h e c r o s s i s u s € d to indie at e t o t h e c o m p u t e r t h e 

ap p r o p r i at e position f o r labeli n g t h e d i f f e r e n t c u rues w i t h t h e 

proper values of d2. This is done as follws: '' i > move the cross to 

t h e ap p r o p r i at e 1o c at i o n o n the s c r e e n an d p r e s s COHT. T h e 

p r o m p t i n g s t at e rr, e n t: T Y P E V R L U E F 0 R D 2, OR T Y P E H < W H EUH 0 H E 

LfiBELIHG) will appear. <! i i ) Type the appropriate value for 

d 2 (or t y p e ap p r o p r i at e s y m b o 1 s s u c h as v e r t i c a 1 o r

s1 an ted lines t o b e u s e d f o r 1e ad e r s t o t h e c u r ve s > an d p r e s s C 0 H T. 

(iii) Repeat step <i> as desired to label all the ofher curves. 

Note that PEN-1 and PEN 1 commands can be used to correct errors in 

label i n g. <-. i v > U p o n c o m p 1 e t i o n o f t h e 1 ab e 1 i n g o p e rat i o n ., t y p e N 

t hi e n p r ess COHT. T h e p r o m p t. i n g s t at e m e n t: D U M P G R fl P HIC S ? < Y / H > 

will appear on the screen. <v) For a hard copy of the labeled set 

6 f rn as t e r c u r v e s t y p e Y an d p r e s s C 0 H T.

If the user types H and presses COHT, the program will start 

from the beginning, and the graphics will be deleted.

( 8 > T o exit f r o m t h e p r o g r a f n p r e s s S T 0 P.



EXRMPLE OF THE COMPUTRTION OF R SINGLE SOUNDING CURVE

Follow steps 1, 2, and 3 in the section on instruction* for users

STEP PROMPTING STRTEMEHT TYPE THEN PRESS CONT

(2)

C 3 ) 

(4)

DO YOU WISH TO HflVE R CURVE 

SET ? CY'"N>

DESIGNRTE MEDIUM WHERE FIXED 

CENTER IS LOCRTED: 1, 2, or 3 

INPUT VflLUES FOR RHO-1,RHO-2,RHO-3 

INPUT DISTRNCES TO CQNTflCTS:D1,D2 

INPUT MIN <RB/'2>, MRX <RE--2> 

0:0 COORDINRTES ? PRESS CONT FOR 

RUTO SCRLE

1

5,290,25

30,60

1,10000

(PRESS CONT)

NOTE:

< 1 > To obt ai n a pr i nt ed 1 i st i ng of t he c ornput ed appar ent r es i st i '-.•' i t i es 

f o r t h e ab o v e e x arn pie, at s t e p < 5 > f i r s t t y p e P RIN T E R IS 0, p r e s s 

EXECUTE, then t y p e t h e rn i n i rn u rn an d m ax i rn u rn R E / 2 v a 1 u e s an d p r e s s 

CONT.

W he n t h e c u r ve is plotted t vp e P RIN T E R IS 16, pr es s E X E C UT E, to e x i t 

f r o rn p r i n t e r rn ode.

(2) In step <6> .above, the 0:0 COORDINRTES are the values of the

s rn a 1 1 e s t RE / 2 an d s rn a 1 1 e •=• t ap p ar e n t r e s i s t i y i t y t h at t h e u s e r rn ay 

wish to to assign to the first abscissa and ordinate to shift 

t h e p1o t ted c u r ve u pw ar d, d o wn war d, t o t h e r i q ht o r to t he 1ef t. 

01 h e r w i s e b y p r e s s i n g CO N T t h e p r o g r am u i 1 1 at t e rn p t t o f i n d t h e 

proper coordinate values that will result in a properly located curve



<3> To obtain a hard copy, type DUMP GRflPHICS and press EXECUTE. 

•'A') Type GCLEflR and press EXECUTE to clear the screen for the next

prob 1 em i f so des i red. 

< 5) T h e p r i n t e r o u t p u t an d t h e p 1 o 11 e d c u r u e f o r t h e ab o u e e x am p 1 e

ar e g i u e n i n t ab 1 e 1 an d in f i g u r -5 1, res p e c t i v e 1 y.



Table P r i n t e r o u t p u t f o r a. single- s o u n d i n g c u r u e

RHO-l;RHQ-2;RHG-3
CENTER IS ON 1.0600
IiISTflNCES = 38.8000

5. 0 0 0 0 2 0 0. 0 O 0 0 25.0 0 0 0

60.0000

flE/2 RPPfiRENT RESISTIVITY

8.
10

11
12
14
15
17
19
22
25,
2!"!

30, 
33, 
37, 
42, 
47, 
53,
59.
60.
6
7

0000

1220
2589
4125
5849
7783
9953
2387
5119
8184
1623
5481
9811
4668
0119
6234
3096
0795
9433
9125
.0000

.2202

. 5893

. 1254

.8489

. 7828

. 9526

.3872

. 1189
1838
0 0 0 0

6606
7678
3761
5468
3484
8579
0000

.3211

. 5355

5, 
5
Cj

5, 
5, 
5, 
5, 
5, 
5, 
5, 
5, 
5, 
5, 
5, 
5, 
5. 
5, 
5, 
5, 
5,
Cj

5, 
5, 
5, 
5. 
5. 
5.
5.
6.
6.
7. 
6. 
6. 
6. 
5. 
4.

0000

0000

0000

0000

0000

0000

0001

0002

0004

0008

0015

0026

0043 
0066 
0096 
0136 
0184 
0242 
0311 
C395 
0502 
0653 
0881 
1244 
1824 
2743 
4180 
6432 
0028 
5989 
0882 
9416 
7149 
3628 
8081 
9121

3.4083
3.3678
3.3494
3.3324
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CD D1,D2: 39.00,60.00 RHO: 5.00,200.00,25.00
T — 

I

RPPflRENT RESISTIVITY

18 .. . - .. . j

[ H

1

10 100 1000 

SCHLLIhBERGER ELECTRODE SPRCING CflB/2)

Figure 1: Output example'for a single sounding curve,



EXfiMPLE OF THE COMPUTFiTION OF R SET OF MRS fER CURVES 

F o 1 1 o w s t e p s 1, 2, an d 3 g i'-,' «=• n i n s e c t i Q n o n i n s t r u c t i o n f o r u s e r s 

STEP PROMPTING STRTEMENT TYPE THEN PRESS COHT

<1> DO YOU WISH TO HflVE fl CURVE

SET ? <Y/N> Y 

<2> DESIGNRTE MEDIUM WHERE FIXED

CENTER IS LOCflTED: 1, 2, OR 3 2 

<3> INPUT VRLUES FOR RHO-1,RHO-2,RHO-3 9.1,1,9.1

F i g u re 2 s. h o w s t h e o u t p u t t o t h e a b o y e e x a m pie a f t e t- u s i n g 

t he 1abe1i ng t € c hn i que des c r i bed ear 1i er.

11
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MflTHEMfiTICfil FGRMULftS

The Gauss-Lagu*rre numer i c =il i nt egr at i on f ormu 1 a < Rbramowi 1

and Stegun, 1964, p.923) states that:
-•*. n
e /6c) J*, ^

where Hi = Laguerre weights,

Xi = Laguerre abscissas, 

f<Xi) = function to be eval uate-d at proper Xi values.

By con p ar i n g results ob t a i n e d fro m t h e ab o u e f o r rcu1 a u i t h 

those obtained from a closed algebraic expression for the limiting case 

of a vertical fault (Zohdu,1979), and by experimenting with various 

values of n, I found that the computations are sufficiently accurate with 

n=5. In fact with values as low as n=l and t-li = l the shape of the curve 

for rn an u m o dels is a l-m o s t ac c e p t able f c r p r ac t i c a 1 p u r p o s e s w i t h e r r o r s 

of about 38 percent in parts of it. The Laguerre abscissas and weights 

are given in steps 158 to 258 of the program <see appaendix II) 

and in the above reference.

Two sets of expressions must be derived, one for the sounding 

center on medium i Cleft layer) , and the other for the sounding center 

on medium 2 (middle layer). The expressions for the sounding 

center on medium 3 <right layer) are identical to those with the center- 

on medium 1, but with the resistivities of medium 1 and medium 3 

exchanged.



I.SOUND IHG CENTER ON MEDIUM 1:

I n t h e f olio w i n g e q u at i o n s, t h e f o 1 1 o u i n q d e f i n i t i o n s ap p 1 y 

< a 1 s o s e e f i g u r e 3 >:

i > ft > fe = rt-s i st i u i t i es of rned i urn 1, 2, and 3, re spec t i ye 1 y 

k21 = 

k32 = 

. d1,d 2 = d i s t an c e s f r o m s o u n ding c e n t e r t o f i r s t an d

y = R B ••"' 2 = S c h 1 u n i b e r g € r e 1 e c t r o d e •=• f j a c ing; t h a t i s

h a 1 f d i s t an c e b e t w e e n c u r- r e n t e 1 e c t r o d e s R an d E.

= '-' c n ̂ u r" k e r '3 e r af:' f:' ar e n l r e s ̂ '* t] ^ M ̂ f' y 'a -' a +" u n c *•• ^ ° n °

<! i > R 1 1 elect rodes on med i urn 1 C d2 >y < d i > :

r? ) = 4- 2- W;f(v;.) ,

where

**t *-• L~_ ^ *2- T^ -^ —— + &3z£ *
(*•"*•

/-^ ^

]f^

?*/ >^32

- e A--^ & -4>
<ii> Electrode B on wed i urn 2, all others on rnedium i

e i: t 
~!T i '

where

-J

J

i?



< i i i } E1 s o T- r o d s B o n rn •=• d i u n, 3, -all o t hs r •=• o n m s- d i u rn 1 (d 2 < M > •:! 1 > :

wht-re

, 4

H-
I"'

« L

J -7 

J

ft
<- <- !

FIXED CENTER 
MN

<——HI ——

RHO-1 ss/s RHO-2 ss/s/ 
////////// / / / / /,' 
///////////////s

RHO-:

Fifiuro 3' Electrode array center on medium 1



II. 8 0 LI N HIH G C £ H T F. P 0 N M E D IU M 21

In t h e f o 1 1 o u i n .3 c q M at i o n •=, t h >.=• s aw e d e f i n i t i o n 5. f o f t h e 

u-jr i abl e •=• apply, except for dl arid d'2 (=••£••=• figure £)> where:

d 1 - d i = t .=4 r! c •=• f r - o rri •?.. o u n din u •:. e n t- e r t. o t. h •= LEFT c o r; t. ac t- 
s e p ir at i n g H K D - 1 f r o rn R H 0 - 2,

d 2 - d i £• t an c c- f r o m = o u n d i n g c e n t e r t o the RIG H T c o n t ac t 
s •=• p ar -a t i n g R H 0 - 2 f r o m R H 0 - 3.

<i> nil electrodes on medium 2 <d2>y<dl>

where

'U ~ ku

<ii> Electrode R on medium 1, all others- on medium 2 (dl<y<d2>

M/;/.) ,
where

j-

+ 1 +

-J



i i i > Elect r o d ..- B o n n. •=• d i u i.. 3 , -all c t h e r =• o n m * d i u m 2 < d 2 < y < d 1 )

where
-2*-A_ U«T'<'" J

A r" ' "*"r ,/ ' "*" 
L , I -t-

<iv) Electrode fl on median 1, elect rods B on 3, and center on 2

where

Ji It

4 1+ «2. «JZ <?~T

L l

-- <~--!

RHO-1

FIXED CENTER 
MM 
i !

/ s f / / / / / / //.-•'• x' ./ / x :•'

s//s/ F:HO-2 ////.-'/ 
/ / / s / .-' / //// / / / / ///

RHO-3

Flguro 4: Electrode array contor on medium 2,
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10
20
30
40
50

•nn FOF- coMPU'T IMG Run PLOTIMG FULL SCHLUMBLI-GCR*-*.*••*•***•***
*»-***SOUIHDING CiJI-'VflS E'.TflNBM'D HT RIGHT RMGLES IT< R VERT I u'lt. >•** * **4
*****DIKE. BY hl'El ft . P . liCIIUY, !JS££., ,'t'HVER, CC'LOiVRIiu. •iCP . 13 , 79** *

60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
28G
-EXPfiNDED 
290 
300 
FOR 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
GOO 
610

I
OVERLfiP
OPTION ERSE
FIXED 4
DIM Ki <5>,Nt <5>,Fi <!5> , Rhob-ar UOO > , Rad< 100>

DflTfl 
DftTfl 
Ii Fl T R 
Ii fl T ft

DflTfl 
DflTfl 
DflTfi 
DflTfl 
EXIT

MflT REflD Ki 
DflTfl 0.263560319718 

413403059107 
596425771041 
0 8 5 8 10 0 O 5 8 5 9 
,640800844276 

MflT RERD Wt
DflTfl 5.21755610583E-01 

3.98666311033E-01 
7.59424496817E-02 
3.61175867992E-03 
2.33699723858E-05 
GRRPHICS 

PRINT PflGE 
PRINT "THIS PROGRRM COMPUTES flND PLOTS FULL

RT RIGHT RNGLES TO fl VERTICRL DIKE" 
PRINT 
INPUT 

N 0. " , C u r M e _s * t $
IF (Curve set*="Y">
DISP "PLERCE TYPE:
BEEP
WflIT 2000
GOTO 300
PRINT PRGE
CflLL Plot
INPUT "DESIGNRTE
IF <Cer,ter=l> OR

! LR GUERRE RESCISSRS FOR H=5

! Lfl GUERRE WEIGHTS FOR N=5

: C H L U M B E R G E R S 0 U H DIH G C U R V E S

"DO YOU WISH TO HflVE fl CURVE SET ? <Y/N>. FOR ONE CURVE ONLY TYPE N

OR 
Y

(Curve_s.et$="N" > THEN 360 
OR N .. (FOR YES OR HO) 11

MEDIUM UrIERE FIXED CENTER IS LOCRTED: 1,2, OR 3", Center
(Center-2) 

"ERROR: CENTER MUST BEDISP 
BEEP 
WflIT
GOTO 330 
IF Center=l 
IF Center=2 
IF Center=3 
INPUT "INPUT

OR (Center^S) THEN 440 
ON MEDIUM 1,2,OR 3"

THEN CflLL Plot 1 
THEN -CflLL Plot2 
THEN CflLL Plot3 
VflLUES FOR RHO-1

flND 
RHD 
flHD

S 9 O
"TRIVIRL

RHO-2,RH0-3",R1,R2,R3
520
520
528

CRSE, WITH CENTER ON ZERO RESISTIVITY

620

IF <R1=0) flND (Center«l) THEN 
IF <R2=Q) RHD (Center=2> THEN 
IF (R3-9) flND (Center=3> THEN 
GOTO 
DISH- 

BEEP
WRIT 3000 
DISP "HLL 
WhlT 3000 
DEEP
GOTO 470 
IF Cur 
D1 = 1 
PERD D2
DftTft 40,20,3,4,1', 1.5, 1, 1OOOOOO 
Y fn i r - . 1

RFPRRENT RESISTIVITIES WILL BE ZERO M!

=et$="H" THEN 660



640
65 ft
660
67ki
680
650
780
71 0
720
730
740
758
768
778
STIVt
788
790
880
810
828
838
848
850
868
878
838
898
988
918
928
938
948
950
968
978
988
998
1888
1818
1828
1838
1848
1858
1868
1878
1830
18 98
1188
1118
1128
1130
1140
1150
1160
1178
1180
1198
1208
1 2 10
1228
1230
1240 i
1250
1260

GOTO 1020
IF i'C-snter-1 > OR \Center-i> THF.N ,7 t"0
INPUT "INPUT D1STRHCES TO THC LEFT, RND TO THE RIGHT: Dl,D2",D1,D2
IF <:DIOO> RND <n2<>o> THEN £60
DISP "ERROR: Dl OR D2 CflMNOT BE ZERO" 
BEEP
WRIT 2000
DISP "BECRUSE OF DISCONTINUITY IN RFPRRENT RESISTIVITY" 
Hli IT 3000 
GOTO 670
INPUT "INPUT DISTANCES TO CONTRCTS: D1,D2 ",D1,D2 
IF D1OO THEN 810
DISP "ERROR: Dl CRNNOT BE ZERO BECRUSE OF DISCONTINUITY IN RPPRREMT RES I 

TV" 

BEEP
WRIT 3000 , . • 
GOTO 750 
IF D2)-D1 THEN 360
DISP " ERROR: D2 MUST BE LRRGER THRN OR EQURL TO in" 
BEEP
WRIT 3008
GOTO 758
I NPUT " I NPUT MINI MUM fiB/2, MRX I MUM RB/2 " , Yr,. i n, Ymax
IF Ymax>Ymin THEN 928
DISP "ERROR: MIN RE/2 MUST BE SMRLLER THRN MRX fiB/2"
BEEP
WRIT 3888
GUTO 868
PR I NT "RHO-1;RHO-2;RHO-3",R1;R2;R3
PRINT "CENTER IS ON :1 , Center
IF <Center=l> OR <Center=3> THEN 988
PRINT "DISTRNCE TO THE LEFT=";D1
PRINT "DISTRNCE TO THE RIGHT=";D2
GOTO 990
PRINT "DISTRNCES=",Dl;D2
PRINT
PRINT " RB/2","RPPRRENT RESISTIVITY"
PRINT
Y=Yr,-.ir. ! SMRLLEST VftLUE FOR fiB/2
Ncy=3 . ! #OF LOG CYCLES ON Y-RXIS
Ncx=4 ! #OF LOG CYCLES ON X-RXIS
P=28 ! ttOF POINTS PER LOG CYCLE

:18>/P> 1RBSCISSR RRTIO FOR SUCCESSIVE POINTS

FOR 1=1 TO 5
Fi<I>=-2*Ki<I>
NEXT I
IF <R1=0> RND (R2=8> THEN GOTO 1168

GOTO 1170

IF (R2=0> fiND <R3=0) THEN 1280

GOTO 1210

IF Ccnter=l THEN Cl 
IF Center=2 THEN C2 
IF Center=3 THEN C3 

;2: Tot Ftl =0 
FOR 1^=1 TO 5

L- •-. - c. v r- ( r i ,• r N ^ iv> / V ">
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INPUT "TYPE VflLUK FOR B2, OR TYPE N CHHEM DONl- LhPEL ING V, D2-T
IF D2t^"N" THEN 2640
LORG 5
HOVF. X,Y
LflFE.1 D2*
GOTO 2'J7U
INPUT "DUMP GPflPHICS '
IF Dump graphical--'^! 11 THEN 2670
DUMP GRAPHICS
GCLEFlR
PRINT PflGE
RESTORE 620
EXIT GRAPHICS
GOTO 300
END
SUB Plot2
PRINT PflGE
PRINT LIN<3>
PRINT "
PRINT " fl
PRINT " <--<--!
PRINT " ___________
PRINT "
PRINT "
PRINT "
PRINT " RHO-1
PRINT "
PRINT "
PR INi "
SUBEND
SUB Plot
PRINT
PRINT
PRINT " __________
PRINT "
PRINT "
PRINT " i
PRINT "
PRINT "
PRINT "
PRINT "
SUBEND
SUB Plotl
PRINT PflGE
PRINT LIN<3)
PRINT "
PRINT " fl
PRINT " <- <- !
PRINT "______\__________
PRINT "
PRINT "
PRINT "
PRINT "
PRINT "
PRINT " . RHO-1
PRINT "
PRINT "
PRINT "
SUBEND
SUU Plot3
PRINT PflGE
PRINT LIN<3>
PRINT "
PRINT "
PRINT "
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3S70
3330
3390
3900
3910
3920
3930
3940
3950
39*0
3970
3930
3990
4000

4010

4020
4030
4040
4050
4060
4070
4030
4090
4100

4110
4120
4130
4140
4150

4160
4170
•« YnH 
4180
4190
4200
4210
4220
4230
4240
4250
4260
4270
4230
4290
4300
4310
4320
4330
4340
4350
4360
4370
4380
4390
4400
4410
4420
4430
4440
4450
4460
4470
4400
4490

IF Center =2 THEN 3960
IF renter -3 THEN 4030
MOVE X+2.7,Y !DF:ft
DFTiU X+3.7,Y+3
DI: fiW Xtl.7,Y*3
DRftW X>2.7,Y
MOVE X-1.3,Y+1 !DP.
Lhl'EL "<- ->"
GOTO Label 1
MOVE X+10,Y !DR
DRftW X+li,Y>2
DPhW X+9,Y+3
DRftW X+10,Y
MOVE X*-5.3,Y+1 !DR
LftBEL "<-->"
GOTO Label 1
MOVE X+15,Y !DR
DRftW X+16,Y+3
DRftW X+14,Y+3
DRftW X+15,Y
MOVE X+10.5,Y+1 !DR
LftBEL "<- ->"

Label 1: ! ! Lfi
X=20
Y=95
FIXED 2
MOVE X,Y
IF Curve set$="N" THEM 4170
LftEEL "111 = 1; D2 = as labeled"^" RHO:

GOTO 4180
Lfi BEL " B 1 D^" "te^flLf C D O& " . " SrVftL'.f ( D? }$'••U. I I X/ IH. LM. 4*' ^ £ 4»* Irw • Vl • » 1 L» "* N *• * f V* § •*• * * ' U- "» ^ A*1 C« ,r '.-.
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X=7 !Lft
Y=6
MOVE X,Y
FOR 1=1 TO 5
N=0 !FI;
K=l
IF ftx<I» = K THEN Label 2
K=K/10
N=N+1
GOTO 4240

Label 2: FIXED N
LORG 4

LftBEL VRL*<Rx<I)>
X=X+27
MOVE X,Y
NEXT I
MOVE 25,2
LORG 1
LftBEL " SCHLUMBERGER ELECTRODE SPRCING
MOVE 0,33
DEG
LORG 3
LDIR 90
LftBEL "ftPPftRENT RESISTIVITY"
X = 3
Y=12
MOVE X,Y
FOR 1=1 TO 4
K=l
H = 0 ' ' IFi:
IF ft^'<I»=K THEN Label 3
l\~~ l\-' I V f —

!DF:Rh SOUHDIHG TRIftMGLC ON MEDIUM 1

JDRftU RRRONS TO THE RIGHT ftMD LEFT 

IDRflW SOUNDING TRIRHGLE OH MEDIUM 2

IDRflW flRROWS TO THE RIGHT ftND LEFT 

!DRftW SOUNDING TRIftNGLE ON MEDIUM 3

! DRftW ftRROWS TO THE RIGHT ftND LEFT 

JLfiBEL VftLUES FOR RHO ftND D

RHO: 

ftXES

•FIXED ORDER CO,1,2,3,..etc

! FIXED ORDER •'©,1,2,3,...etc)



4300 
4510 
4520 
4*5 30 
4540 
4550 
4566 
4570 
4580 
4590 
4600 
4610 
4 6 2 0 
4630 
4640 
4650 
4660 
4670 
4680 
4690 
470'3
4719
4720 
4730 
4740 
4750 
4760 
4770 
4780 
4790 
4800 
4310 
4820 
4830 
4S40 
4850

N-HM 
GOTO '1430 

Lub* 1 ••: FIXED N 
LuF.'C 6
LrttF.l. VHL*<sfty<:i» 
Y=:Y + 27 
MOVE X,V 
NEXT I 
LDIR 0 
LORG 1 
FIXKB 4 
SETUU
M 0 V E LGT<Rada»,LGT(R h o b ar < 1 > > 
FOR I«i TO J-l
PLOT LGT < R ad < I > > , LGT < Rhob-ar < I » 
NEXT I 
BEEP
WRIT 100 
BEEF- 

SUBEND
SUB Log_c y c 1 e < Lxni i n , Lxfli-ax , L vm i r» , Lyw-ax , rlc x , He y > 
LINE TYPE 7
S H 0 N L x rc i n , L x r»i ax , L y fft i n , L y M ax 
M 0 V E L x n i i n , L y f.i i n 
FOR 1=1 TO Ncx+1 
X=Lxmir.+ I-l 
PLOT XjLyn-.in, 1 
PLOT X,Lym.ax,2 
NEXT i
FOR 1=1 TO Hcy+1 
Y=Lymin+I-l 
PLOT Lxmin,Y, 1 
PLOT Lxmax,Y,2 
NEXT I 
LINE TYPE 1 
SUBEND


